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ON  THE  ANALYSIS  OF  BRIGHT  SPECTRUM  LINES. 


It  is  well-kncwn  that  a  change  is  produced  in  the  'wave- 
length and  distribution  of  light  in  the  lines  of  the  spectrum 
ofimetallic  vapours  and  gases  when  different  external  condi- 
tions are  introduced.    In  nost  cases  these  changes  were 
first  observed  and  measured  by  means  of  the  Rcrland  grating. 
Recently,  however,  these  effects  have  become  more  readily 
observable  through  interference  methods,  in  which  the 
interference-bands  are  produced  with  large  differences  in 
the  paths  of  the  rays. 

•?'ichelson,  by  aid  of  his  interferometer,  resolved  the 
important  lines  in  the  radiations  of  some  vapours  and  gases 
rendered  luminous  in  vacuum-tubes,  and  he  has  studied  these 
radiations  in  a  marnetic  field.    With  his  echelon  spectro- 
scope he  has  investipated  the  same  subjects.   ••Fabry  and 
Perot  with  tiieir  interferometer  have  investigated  the  ra- 
diations from  vapours  in  the  electric  arc  and  in  vacuum- 


•  Phil.  ','ag.  (5)  31,  33R  ,  1891;  3+ ,  280,  1892. 

••  Ann  de  Chira  et  Pnys.  12,  i59,  1807;  If.,  1 1  .S  4  289,  1839. 
Astrcphys.  Journ.  9,  87,  1899. 


tubes,  and  have  applied  their  method  for  an  exact  deter- 
mination of  the  wave-length  of  some  of  the  linee  in  tne 
spectrum  of  the  iron  arc  and  of  the  dark  lines  in  tne  sun's 
spectrum.   •Lum-ner  also  by  an  interference  method  has  stud- 
ied the  same  radiations,  particularly  those  from  nercury, 
and  has  separated  its  prominent  lines  into  many  components. 

iVhen  one  compares  the  results  of  these  i  nve  st  i  -  at  ion  s 
the  agreement  is  not  very  satisfactory.    Not  only  do  the 
number  ar'd  intensity  of  the  components  differ,  but  the  dis- 
tances between  the  components  do  not  agree. 

The  work  presented  in  this  paper  was  undertaken  at  the 
suggestion  of  Professor  Ames.    The  objects  of  the  work 
were*  to  study  interferometer  methods;  to  obtain,  if  pos- 
sible, more  consistent  results  as  to  trie  constitution  of 
tlie  lines;  and  to  determine  the  changes  produced  in  the 
components  under  various  conditions.    Michelscn  recarks 
in  one  of  the  papers  cited,  "Still,  in  many  cases,  tae 
range  of  visibility  due  to  sliglit  variations  in  tiie  condi- 
tions snows  that  the  behaviour  of  each  substance  must  be 
carefully  studied  under  al3  possible  ci  r  cumtitan  cos  of  tem- 
perature, prosuure,  strength  of  current,  size  and  shape  of 
electrodes,  diameter  of  vacuum-tube,  etc." 


•  Verhdlgn  d  D.  Phys.  C-es.  3  ,  85  ,  1901. 
Phys.  7eit.  ,  (3)  ,  8  ,  172  ,  1902. 


After  experimenting  a.    few  months  wjtii  both  the  Michelson 
and  the  Fabry  and  Perot  interferometer  the  autlior  was  fully 
convinced  tiiat  the  Fabry  and  Perot  method  possessed  the  ad- 
vantage for  tlie  probleirs  in  view,  since  it  shows  directly 
tlie  structure  of  a  given  radiation  by  t.ie  simple  inspection 
of  tlie  system  of  fringes.    Eacn  fringe  is  in  fuct  a  true 
spectrum  of  the  source  and  the  conditions  are  th.e  sa'"e 
as  thoae  existing  in  the  spectra  obtained  by  the  use  of  a 
grating  having  a  snal]  number  of  lines  but  where  the  spectra 
enployed  are  of  a  very  high  order.    During  the  progress  of 
the  experiments  the  method  proposed  by  Lum"!er  appeared. 
While  I  have  not  been  able  to  use  this  method  exactly,  I 
used,  before  I  read  his  paper,  one  which  is  very  similar 
to  it.    This  method  and  results  obtained  will  be  de- 
scribed below. 


METHOD. 
The  method  involved  in  this  production  of  interfer- 
ence-fringes will  be  first  briefly  considered  as  it  will 
assist  towards  a  clear  conception  of  the  results. 

Consider  a  ray  of  monochromatic  liglit  incident  at  an 
anrle  V  upon  two  glass  plates  whose  inside  surfucos  A  and  B 
Fig.  1,  are  sligntly  silvered  and  separated  frcm  one  anotuer 
a  distance  D.   If  tlie  silvered  surfaces  are  parallel,  we  have 
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on  account  of  the  multiple  reflections  a  number  of  trans- 
mitted rays  coming  from  the  same  source,  whose  differences 
of  path  increase  in  arithmetical  progression.    The  dif- 
ferences of  path  with  respt.ct  to  the  first  are  2D  cos  0, 

4D  cos  6  ,  2  n  D  cos  &   .    By  means  of  a  lens  L  these 

rays  are  brought  to  a  focus  in  its  focal  plane,  producing 

there  an  interference  pattern,  bright  and  dark  bands  ac- 

et  c . 
cording  as  2  D  cos  0  ,  4  D  cos0i   are  equal  to  an  even  or 

an  odd  number  of  half  wave-lengths.    If  we  have  a  symmetrfcal 

cone  of  rays  incident  upon  tiie  plates,  the  system  of  fri'nees 

obtained  on  a  screen  placed  in  tne  focal  plane  of  the  lens 

will  be  concentric  circles,  having  as  their  centre  the 

point  of  interuecticn  of  the  normal  from  the  source  upon 

the  plates  with  the  screen^  in  the  figure.   The  radii  of 

these  circles  are  equal  to  f  tan  6/ ,  where  f  is  the  focal 

length  of  the  lens  L. 

The  intensity  of  the  liglit  at  different  points  in  t.^is 

interference  pattern  was  first  worked  out  by  Airy*.   His 

formula  is 

(1  -  b"-  ^  +  4  b"-sin^T  ^  ^') 

rhere    I      is    the    intensity    of    tne    incident    light    transmitted 
o 

•    Phil.    V.&Z'    (3)    2  ,    20,    ISiiS. 


by  the  silvered  eurfucos,  b  the  coefficient  of  reflection  of 

the  silverod  surfaces,  and  ^  the  difference  of  path  of  the 

ravs.   'Ve  see  from  this  formula  that  for  a  given  value  of  b, 

I  will  have  a  maximum  when  2  A     is  an  even  integer  and  a  min- 

A 
imum  when  2d  is  an  odd  integer.    Hence  the  intensity  of  t ne 

A 
bright  fringes  is  I^  ,  while  that  of  the  dark  fringes  is 

\i  +  bW 

Fabry  and  Perot  have  calculated  the  values  of  I  for 
different  values  of  b  and  have  plotted  curves  showing  the  re- 
lation between  I  and  A  for  these  values  of  b.   The  greater 
the  value  of  b  the  steeper  bocoTDes  the  intensity  curve,  so 
that  the  interference  pattern  consists  of  bright  fringes  which 
are  very  narrow  compared  with  the  dark  ones  (  see  Plate  1, 
fig.  1  ).   As  we  shall  see  later,  the  sharper  and  finer 
these  bright  bands  are  the  easier  are  the  radiation  analysed 
and  the  components  measured,  tnus,  while  on  this  account  it 
is  advantageous  to  have  b  very  large  by  increasing  the  thick- 
ness of  the  silver  film,  it  must  not  be  so  large  that  I  ,  the 
intensity  of  the  light  transnitted,  is  too  small. 

Let  us  now  consider  the  light  which  is  incident  upon 
the  plates  not  to  be  monochromatic,  but  to  consist  of  two 
*a'.e-length8  A  and  A+  d  A  ,  then  the  screen  in  the  focal  plane 
will  be  covered  with  two  sy  sterns  of  concortrrc  rings.   At  a 


IP.. 


defrrite  separation  of  the  pirates  let  these  two  systens  be 
in  coincidence,  then  we  have  the  relation 


A     A+  dX 

where  n  is  any  whole  number,  or 

d  X  -  n^^ 

A  '-'  n  X 

Since  A  is  always  large  relative  to  n K we  may  write 

.7.  V  2- 

d  A  =  il  •^  -  iL_  A  .  _  •   • 

A     2  D"  'c'o's"^ 

Th  -s  by  observing  the  first  coincidence  of  the  rings  (  n  =  1) 
near  the  centre  of  the  system  where  ^  is  so  s-nal]  that  we  may 
consider  cos.O  =  1,  knowing  the  value  of  A  ,  and  measuring  D, 
the  value  of  d  A  can  be  determined  with  a  very  high  der.ree  of 
accuracy.    -Vhen  d  X  is  very  smal]  it  is  not  necessary  for  th( 
determination  of  its  value  to  separate  the  plates  until  the 
first  coincidence  occurs,  but  only  till  the  separation  of  the 
rings  is  clearly  visible.   When  the  separation  of  the  systems 
of  rings  is,  say,  one  quarter  of  the  distance  between  con- 
secutive rings  of  the  same  radiation,  the  equation  beco-es 

d  A  -  _  ;'_. 

8  D 
The  resolving  power  of  this  method  depends  U'>on  the  dis- 
tance between  the  plates  and  also  upon  the  angle  of  inci- 
dence of  the  light.    The  fringes  near  the  centre  have  tr.us 


l.-^ 


the  lirgest  resolvinr.  power.    It  is  also  ad  vantafr  eou  s  to  make 
observations  upon  the  central  fri'nges  because  their  separation 
is  the  greatest.   This  can  be  shown  if  we  consider  the  lengtl; 
of  the  radii  of  tlie  rings.   With  the  centre  of  the  s^/stem 
a  bright  ring 

A  -  2  D  =  m  X  , 
where  m  is  an  integer;  for  the  first  bright  fringe  cut  from 
the  centre  the  difference  of  path  is 

2  D  cos  ^  =  (  m  -  1  )  A  , 


hence,  tan  Q   =  \|2  m  -  1 

m  -*  Y 

and  the  radius  R,  of  th 


ing  is  given  by  the  expression 
f  tan  0  =  f  V^  m  -  1 


Similarly  for  the  second  bright  fringe 

2  D  cos  Q  =»  (  m  -  2  )  A 
hence,  R=f  v/4r  m  -  -i 


The  following  table  gives  the  values  of  R, /  f,  R^/  f  etc 
for  different  values  of  rr-  . 


m 

R/f 

1 

oo 

2 

l.liA 

i 

1.316 

2. 

4 

.882 

1. 

100 

.143 

/  < 


.8  2  8 
.203 


nj   f 


3  .873 
.251 


R,/  ' 


.292 


/  f 


.329 
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From  this  table  we  sec  that  when  m  =  1,  i.  e.,  the  difference 
of  pathi  is  one  wave -1  ength  ,t  here  is  only  one  interference-band 
and  its  radius  is  infinite,  thus  the  field  would  be  uniformly 
illuminated.   When  the  difference  of  path  is  two  wave-1 enpt hs 
there  are  only  two  fringes,  the  first  whose  radius  is  1.732  f, 
the  radius  of  tiie  second  being  infinite.    For  m  =  3  there  are 
three  fringes.    The  entire  system  of  bands  could  only  be 
observed  by  means  of  infinite  glass  plates.   We  also  see  that 
as  m  gets  large,  which  in  practice  is  generally  the  case,  the 
lower  row  in  the  table  shows  us  that  the  distance  between  tne 
first  and  second  ring  is  much  larger  than  that  between  the 
second  and  third  and  so  on  moving  out  in  tne  system.   Thus 
the  separation  of  the  fringes  gradually  diminishes  as  we  go 
out  from  the  centre,  and  hence  the  advantage  of  m.aking  the 
observations  on  the  central  fringes.   This  is   clearly  shown 
by  the  figures  on  the  plates  which  are  reproduced  from  pho- 
tographs. 

This  interference  met  hod  .besi d es  being  applied  for  the 
analysis  of  spectrum  linos,  can  be  used  in  the  study  of  the 
changes  in  the  wave-length  of  any  radiation  under  the  differ- 
ent conditions  as  indicated  above.    Any  smal3  change  will 
be  shown  by  an  increase  or  decrease  in  the  diameters  of  t::e8e 
rings,  and  since  very  clear  photographs  can  be  taken,  very 
accurate  measurements  on  the  changes  produced  can  bo  obtained. 


APPARATUS. 

After  experimenting  seme  time  with  an  instrument  which 
seoned  tc  be  particularly  sensitive  to  vibrations,  even  when 
every  precaution  was  taken  to  elimlnnte  extraneous  disturb- 
ances, a  new  instrument  was  constructed.    In  the  construction 
of  this  instrument  the  essential  parte  sought  after  were, 
that  the  Tiountings  for  tne  plates  should  be  rigid  and  placed 
on  a  massive  base  so  that  the  bands  should  be  perfectly  steady, 
and  that  the  movable  carriage  carrying  one  plate  should  be 
capable  of  very  slow  uniform  motion  always  remaining  parallel 
to  its  original  position,  enabling  one  to  folio \»  clearly 
the  change  from  one  hand  to  another. 

In  working  with  a  Michelson  interferometer  as  made  by 
Gaertner  &  Co.  the  fringes  obtained  were  very  steady,  even 
when  tlie  instrunent  rested  on  a  table  in  the  laboratory.   I 
took  this  instrument  st^^ipped  it  of  its  mirrors  and  plntes, 
and  using  the  base,  carr:iage,  and  screw  constructed  the  appa- 
ratus employed. 

The  apparatus  consists  of  two  plane  glass  plates  3.9cn!s.  by 
2.5  01)8.  and  about  .6cm.  thick,  eacn  sligntly  prd-sniatic  in 
shape;  the  two  faces  r^aking  with  one  anotlier  an  angle  between 
1"  and  2".   This  prevents  the  interference  bands  formed  in 
the  plates  themselves  being  superimposed  upon  those  under 
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observation.    Both  pltites  are  rigidly  rnoupted  in  brass  frames. 
One  frame  can  be  •T'oved  about  a  vertical  axis  and  tl-.e  other 
about  a  horizontal  axis.   For  very  small  motions  about  those 
axes,  so  that  the  silvered  surfaces  may  be  made  perfectly 
parallel,  two  glass  tubes  were  bent  into  convenient  shapes 
and  clamped  to  the  instrument.    Their  ends  resting  against 
a  frame  are  covered  with  thin  sheet  rub  er.   To  the  other  ends 
are  attached  long  rubber  tubes  and  tliese  connected  with  a 
support.    By  carefully  raising  or  lowering  these  tubes,  which 
are  filled  with  mercury,  the  pressure  against  the  frame  being 
therefore  varied,  very  snail  rotations  around  either  axis  are 
obtained  and  the  surfaces  thereby  placed  in  perfect  adjust- 
ment.  Fabry  and  Perot  employed  this  method  using  water  in 
their  tubes  instead  of  mercury.    The  carriage  containing  one 
of  the  frames  rests  upon  steol  ways,  very  accurately  ground, 
and  is  connected  by  means  of  a  small  carriage,  placed  under- 
neath, to  a  screw  of  1  mm,  pitch.    The  force  being  th.us  ap- 
plied to  the  carriage  in  a  direction  parallel  to  the  r.otlon 
produces  no  recking,  as  is  shown  by  the  fact  that  the  fringes 
always  remained  in  adjustrrent  during  the  motion. 

To  turn  the  screw  two  handles  are  on  the  instrument,  one 
for  rapid  and  the  other  for  slow  "-.oticn.   A  turn  of  the  first 
corresponds  to  one  turn  of  tno  screw.    The  oti.er  is  a  tangent 
screw  by  wiiich  it  is  possible  to  give  the  carriage  sucn  a 


slow  motion  that  the  change  from  one  frinp;,e  to  the  next  can  be 
easily  followed.   To  both  handles  were  attached  graduated  discs 
enabling  tljo  distance  between  the  plates  to  be  accurately 
known . 

The  whole  instrument  weighed  over  15  kilograms  and  was 
placed  on  a  brick  pier.    The  greater  part  of  the  observa- 
tions were  taken  at  night.    With  this  instrument  the  fringes 
were  always  perfectly  steady  and  very  long  photographic  ex- 
posures could  be  -nade  witnout  the  least  fear  of  obtaining  a 
blurred  image. 

Since  the  radiations  from  al]  the  sources  studied  con- 
sisted of  many  wave-lengths  it  was  necessary  to  employ  some 
arrangement  by  which  the  wave-length  under  consideration 
could  be  separated  from  the  others.    The  following,  Fig.  2, 
was  the  plan  first  adopted.    S  is  the  source  of  light.   The 
radiation  undergoes  an  analysis  by  a  Steinheil  spectroscope 
consisting  of  two  flint-glass  prisms.   The  lens  L  brings  the 
different  wave-lengths  to  a  focus  on  a  screen  I,  which  contains 
a  slit.   Through  this  slit  the  wave-length  considered  is  allowed 
to  pass  and  passing  betv/een  the  silvered  plates  forms  the  in- 
terference bands,  which  are  observed  by  a  telescope  T  or  photo- 
graphed . 

The  photographic  apparatus  consisted  of  a  long  light- 
proof  box  with  a  circular  hole  cut  in  one   aide.   The  eyepiece 
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of  the  telescope  being  removed,  the  box  wap  placed  so  that  the 
opening  fitted  over  the  e n<  of  the  telescope.   The  photographic 
plate  13  by  3  cms.  was  in  the  focus  of  the  objective  and 
mounted  sc  tt.at  it  could  be  slid  past  the  opening,  and  hence 
a  number  of  exposures  made  upon  one  plate. 

With  the  silvered  plates  illuminated  in  this  way,  with 
divergent  light,  the  entire  rings  of  the  interference-bands 
are  observed  in  the  focalplane  of  tne  objective  as  shown  on 
Plate  I,  fig.  1.   The  following  nnethod,  however,  was  found  to 
be  better  for  the  analysis  of  the  radiations.   ihe  lens  L  was 
removed  and  tiie  interferometer  placed  directly  behind  the 
pris-ns  so  that  the  parallel  light  fell  upon  the  silvered  plates. 
With  a  broad  slit  in  the  spectroscope  we  have  in  ttie  telescope, 
focussed  for  infinity,  broad  linos  corresponding  to  the  lines 
in  ttie  spectrum.    These  lines  are  crossed  with  the  interfer- 
ence-bands produced  by  the  plates.    By  this  means  the  light 
nas  bean  concentrated  into  a  few  interference-bands  and  on 

this  account  many  of  the  weaker  components  appear  which  ^,  ,  . 

riare.  '■ 

cannot  be  seen  with  the  light  divergent  as  above.   Fig.  2  s'lows 
this  clearly.    This  photograph  is  of  the  bright  greon  Tiorcury 
radiation  and  shows   threo  components  when  tie  interference- 
plates  are  separated  8  ni"is. 


rio , 


This  -netliod  possaasea  'ilao  another  great  advaita^o.    Duo 
to  t'le  number  of  linos  in  most  apoctra  «fe  havo  in  tne  field 
of  tne  telescope  at  the  sane  time  a  number  of  lines  containing 
different  kinds  of  interferonca- bands  depending  upon  the  con- 
stitution of  tne  radiation  making  up  each  line.    This  facili- 
tates greatly  the  analysis  of  tne  radiations  and  *e  see  at 
once  any  change  that  nay  take  place  in  one  or  all  of  the  lines 
through  any  change  of  externa]  conditions.   The  dispersion  of 
the  prisms  and  the  magnification  of  the  telescope  were  such 
that  about  half  of  tne  spectf'um  was  visible  at  once.    Plato  I, 
figs.  3,  4  and  5  each  show  tne  interference-bands  due  to  tne 
two  yellow  and  green  lines  of  mercury  vapour  taken  at  tne  same 
t i ae  with  tne  plates  separated  at  different  distances.   On 
account  of  tne  b'*oad  slit  the  yellow  lines  passed  tnrough  the 
interference-plates  together  and  nence  their  interference- bands 
are  superimposed  upon  one  another.    The  other  lines  in  tnis 
region  of  the  spectrum  of  mercury  being  of  less  intensity  do 
not  show  in  the  photographs,  which  were  exposed  only  long 
enough  to  get  the  clearest  pictures  of  tne  lines  considered. 
The  dark  green  line  was  quite  visible  to  tne  eye  after  passing 
through  the  silvered  plates.    The  curvature  of  tne  bands  in 
tne  different  lines  is  of  course  due  to  the  amount  of  sepa- 
ration of  tne  plates  and  to  the  angle  of  Incidence  witn  Wilch 
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the  radiations  are  incident  upon  the  interferometer-plates. 

For  the  determination  of  the  schI a-r ead ing  corresponding  to 
the  place  whore  t  .le  silvered  plates  were  in  contact,  a  sodium 
flame  or  incandescent  sodium  vapour  in  a  vacuum-tubo  was  en- 
ployed.    The  slit  of  tno  spectroscope  being  wide  tne  two  D 
lines  were  superimposed  so  taat  tne  two  radiations  togetner 
entered  the  interferometer.    The  plutes  were  separated  until 
tne  first  coincidence  happened,  and  tne  readings  taken;  the 
operation  was  repeated  several  tiines.   Since  tne  difference, 
d  A>  ,  between  tne  sodium  lines  is  known  with  accuracy  from 
Rowland's  tables  tne  distance  D  between  tne  plates  can  be 
calculated  from  tie  above  equation  and  tnus  the  zero  point 
obtained.    Readings  were  taken  of  tne  successive  coinci- 
dences as  the  plates  were  separated  and  in  tnis  manner  the 
screw  was  calibrated.   If  a  more  accurate  calibration  is 
requi-ed  tne  two  yellow  lines  of  mercury  can  be  used;  since 
their  distance  apart  is  about  tnree  times  that  of  the  D 
lines,  the  coincidences  occur  three  times  more  often  in  a 
gi  ven  d  i  s  tance . 


Remarks  on  Interference-Bands. 
Before  considering  tne  results  I  will  add  some  remarks 
concerning  tno  general  O'laracter  of  tno  i  nter  f  er  en  ce -ba  nd  s 
obtained  by  tnls  interference  method. 


When  t no  silvered  surfaces  are  not  parallel,  but  are  in- 
clined to  one  anotaer  at  a  small  angle,  the  fringes  obtained 
are  localised  in  tae  plates  and,  as  is  well  known,  can  be 
seen  by  tne  eye  or  witn  a  lens  focussed  on  the  plates. 
These  fringes,  however,  can  only  be  obtained  when  tne  sep- 
aration of  tne  plates  is  Ijery  s'nall. 

In  order  to  procure  clear  interference-bands  witn  p-reat 
differences  of  paths  it  is  necessary  to  have  tne  surfaces 
rigidly  parallel.    The  fringes  in  tnis  case  are  seen  by  the 
eye,  or  by  means  of  a  telescope  focussed  for  infinity. 
One  of  the  most  important  results  of  tnis  work  is  that 
t  he  silvered  faces  o_f^  tne  plates  rausjt^  Jb  e  perfectly  paral  lei 
and  the  teles  cope  must  be  f  o cu  s  3  ed  for  finity  to  obtain  cor- 
rect rj98^u_ljt^.   While  tnis  has  been  noted  by  former  investi- 
gators I  wish  to  strongly  emphasize  the  necessity  for  these 
adjustments  for   if  tnese  two  conditions  are  not  fulfilled 
all  manner  of  anomalous  results  may  be  expected. 

On  Plate  I  are  shown  some  photographs  of  some  of 
tne  results  obtained,  if  tnose  conditions  are  not  obeyed. 
Figs.  6-12  were  all  taken  with  tne  bright  grren  line  of 
incandescent  mercury  vapour  in  a  vacuum-tube.   Mono  of 
tne  photographs  are  magnified,  the  focal  length  of  tne  ob- 
jective used  was  about  15  cms. 


The  separation  of  tne  interfere  nce-ple^tes  in  figs.  1, 
6  anil  7  was  3  mms .   I  is  wiiere  the  adjustments  are  perfect, 
6  and  7  show  the  effect  upon  the  bands  when  tie  interference- 
plates  are  only  a  very  small  degree  from  being  parallel, 
they  being  displaced  from  parallelism  by  merely  raising  one 
of  t  lie  laercary  adjusting  tubes  less  tnan  a  centimetre. 

In  figs.  8  and  9  the  plates  are  separated  0.5mm.,  in 
neither  case  are  tne  plates  parallel,  in  8  they  have  an 
angular  separation  of  over  1".   These  photographs  also  show 
tne  interference-bands  produced  i_n  the  plates  themselves 
superimposed  upon  the  ot.-ier. 

It  is  to  advantage  in  the  observations  to  obtain 
all  tne  light  possible,  tnus  a  broad  source  is  always 
employed.    The  interfering  rays  from  the  different  points 
of  tno  source  can  only  produce  a  clr>ar  interference  pattern 
in  tne  focal  plane  of  the  objective;  in  any  other  plane 
the  bright  interference- bands  will  be  wide  and  hazy. 
Figs.  10,  11,  and  12,  illustrate  t ni s  point.    The  whole 
slit  is  covered  witn  tne  exception  of  two  points  separated 
4  m^s  .  from  one  another  in  a  'Horizontal  direction.    Fig* 
10  shows  the  effect  when  tne  photographic  plate  is  placed 
about  1  cm.  inside  tie  focus  of  tie  objective.    Fig.  11 
wnen  tie  plate  is  placed  2  ens.  beyond  tne  focus.   Fig.  12 
wnen  tne  plate  is  exactly  in  tne  focal  plane;  tnen  the  frlngej 


produced  by  all  points  of  the  source  are  coincident  and  give 

clear  and  sharp  inter f ere  nee- fri nge b .    One  can  easily  see 

tnat  if  t.ie  waola  source  Arere  used  instead  of  t  *o  points, 

in 
the  bands^lO  and  11  would  be  wide  and  hazy,  so  t  lat  if  any  of 

t.'ie  bands  due  to  the  components  of  the  radiation  were  pres- 
ent tney  would  probably  be  entirely  obliterated. 

To  set  tne  telescope  at  infinity  is  easy,  but  tne  ad- 
justments necessary  to  obtain  the  silvered  surfaces  parallel 
are  more  or  less  difficult  and  can  only  be  obtained  with 
practice.    The  plates  are  parallel  when  the  fringes  are 
sharp  and  the  illumination  equally  distributed  over  the  se- 
ries of  rings  due  to  the  components. 

A  REFLECTING  INTERFEROMETER. 

In  tne  Fabry  and  Perot  interferometer  a  large  amount 
of  l:g;it  is  lost  due  to  reflection  from  the  surface  of  the 
silvering  in  contact  with  plate  A,  Fig.  1,  so  that  only  a 
small  percentage  is  transmitted.   To  eliminate  this  defect 
the  plates  were  mounted  according  to  the  following  Fig.  3. 
Plate  A  was  heavily  silvered  and  polished  on  its  inside 
surface  and  mounted  on  the  carria.fe  of  the  interferometer  as 
described  above.   Plate  B  has  its  inside   surface  almost 
completely   silvered,  its  reflecting  power  being  about  .9 
and  is  mounted  in  tne  otner  frame.   Light  is  incident  upon 
tne  plate  A  as  shown,  in  Fig.  3  and  due  to  multiple  reflection 
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betvreon  tne  silvered  plates  we  imve  transmitted  a  number  of 
rays  whose  path  differences  are  in  arithmetical  progression, 
and  tne  theory  of  the  metnod  is  exactly  as  that  sketched 
above.    By  this  nethod  the  bright  in ter f eren ce- band s  are 
3iucii  brighter  than  those  obtained  with  tio  Fabry  and  Perot 
met  lod  and  hence  the  components  more  readily  seen.   On 
account  of  the  larger  incident  angle  v  of  tne  light  upon 
the  plates,  the  fringes  observed  are  quite  a  distance  from 
the  centre  of  tne  system  and  are  therefore  close  together, 
causing  tae  necessary  ad  j  us  t  rnent  s  to  make  tiio  plates  parallel 
more  difficult  than  with  the  method  above  whore  the  centre 
of  tne  system  is  used.    Observations  were  made  with  these 
two  methods  and  the  res  jlts  a-^reod  extremely  well. 

As  mentioned  in  tne  introduction  a  lethod  proposed  by 
Lummer  appeared  during  these  experiments.   He  enploys  only 
a  lon;^  glass  plate  witn  parallel  faces  and  passes  light  into 
it  by  means  of  a  prism  at  such  an  angle  tnat  it  emerges  at 
almost  the  critical  angle.    The  method  is  very  similar  to 
the  -nethod  above.   Tn  Lummer' s  method,  hovever,  since  the 
thickness  of  a  given  glass  plate  is  fixed,  the  positions  of 
tne  components  relative  to  one  anot  ler  caanot  be  determined, 
and  if  the  faces  of  tne  plates  are  not  perfectly  parallel  many 
anomalous  results,  as  those  indicated  above,  may  be  obtained. 


RESULTS. 

On  the  basis  of  wiiat  has  preceded  the  following  results 
have  been  obtained.    A  number  of  sources  were  employed,  - 
metallic  vapours  in  vacuum-tubes  rendered  luminous  by  the 
discharge  from  a  lar'-'e  i  nd  uct  ?  on-co  il  ,  metallic  vapours  in 
a  Bunsen  flame  and  in  an  electric  arc,  and  lastly  the  elec- 
tric spark  between  electrodes  of  the  metals.    This  latter 
source  #as  found  to  be  very  unsatisfactory.    Of  the  f^any 
sources  tried  the  brJght  radiation  from  mercury  vapour  was 
tne  best  for  obtaining  observations  on  the  changes  produced 
in  the  compounds  by  external  changes  in  the  conditions.   7/e 
will  thus  first  consider  tne  results  with  this  source. 
Grea-  pains  were  always  taken  to  have  perfect  adjustments 
chiefly  witn  respect  to  the  focussing  of  the  telescope  and 
the  parallelism  of  the  interference-plates,  before  any  read- 
ings were  taken. 

The  vacuum-tube  discharge  was  obtained  in  a  Geissler 
tube  with  mercury  electrodes  of  the  form  suggested  by  Runga 
and  Pascaen*,  tne  capillary  of  which  was  placed  directly 
in  front  of  the  slit  of  t 'le  spectroscope.   The  different 
tubes  were  connected  to  a  Geryk  pump  and  a  pressure  gauge, 
enabling  tne  pressure  of  the  vapour  through  which  the  dis- 
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charge  passed  to  be  quickly  changed  from  a  f,ew  railllraotres 
to  a  fraction  of  a  millimetre. 

It  is  rather  difficult  to  decide  what  is  the  most  ad- 
vantageous way  to  record  results,  whot  ler  to  take  what  appears 
to  be  tne  centre  of  eravity  of  the  various  components  con- 
stituting the  radiation  as  the  position  from  which  to  measure 
wave-lengths,  which  is  the  usual  way  in  the  measurements  of 
the  lines  obtained  by  means  of  the  grating,  or  to  consider 
tne  component  of  the  -reatest  intensity  as  the  standard  and 
record  the  wave  langtns  of  the  otner  components  with  ref- 
erence to  this;  this  ■method  is  the  one  employed  by  Michelson, 
and  Fabry  and  Perot.    The  latter  method,  nevertheless  ,"  i s 
unsatisfactory,  for  I  have  found,  even  in  some  of  the  few 
radiations  investigated,  tnat  tnore  are  two  or  -ore  bright 
components  whose  intensities  are  equal.    For  want  of  a 
satisfactory  standard,  and  also  that  the  following  results 
may  be  easily  compared  witn  those  of  t.he  otner  investigators, 
their  method  las  ,  however,  been  followed.    In  the  cases 
where  the  brightest  components  are  of  equal  intensity  one  of 
them  has  been  selricted  for  tne  standard.   In  wnat  follows 
the  plus  sign  indicates  tnat  tne  component  has  a  longer  wave- 
length tnan  tne  standard,  the  minus  sign  the  reverse. 

The  following  results  were  obtained  after  a  long  series 
of  observations  with  a  tube  whose  ca^illarv  was  0.5  mm  in 


dianetar  and  t  le  vapour  at  a  pressure  of  1.5  nrn.   The  bright 
greon  radiation  whose   wave-la  np.th  is  5461  consiata  of  six 
components;  the  two  brightest  having  about  equal  intensities, 
the  one  having  t ne  longer  wave-length  will  be  considered  the 
standard.   The  otner  components  have  the  following  differ- 
ences in  wave-length  and  in  intensity  relative  to  the  one 
sel act  ed  . 

1.  Standard  Co-np&nent,       Intensity       1 

"®  / 

2.  -  1.1  X  10   mm. ,        "  3/4 

3.  -   .9      "  ■•  1/4 
t.         -  0.4      "             "            1 

5.  +  0.1      "  ••  l/s 

6.  +0.4      "  "  1/4 


Thus  there  are  three  compononts  on  the  side  toward  the 
shorter  wave-lengths  and  two  towards  the  larger. 

The  violet  line,  4358,  is  a  triple  having  slight  com- 
ponents on  each  s^de  of  the  principal. 

1.  Standard  Component,       Intensity       1. 

2.  -  0.5  X  10   nm, ,        "  1/4 

3.  +0.4      "  ••  1/4 

Botn  the  yellow  linos  have  numerous  components  but  they 
are  of  very  slight  intensity  so  tnat  concordant  results  were 
not  obtainable. 


When  a  snail  anount  of  air  was  allowed  to    enter  the 
vacuum-tube  till  the  pressure  was  about  5  mms.  the  components 
of  STiall  intensity  co-nplotely  disappeared,  t.-ie  frJnpes  duo  to 
tne  brighter  c-mpotjenta  broadened  and  their  edj^es  beca"0  less 
sharply  defined,  shewing  taat  the  atomic  vibrations  vere  not 
80  uniform  and  simple  as  before.    The  sano  effect  was  noticed 
with  the  radiation  from  a  vicuum-tube  which  had  been  used 
some  tJme  without  any  change  of  pressure.    In  the  case 
where  the  pressure  is  changed  through  the  introduction  of  air 
the  molecular  collisions  may  be  made  more  frequent,  which 
would  naturally  interfere  with  the  free  vibrations  of  the 
atomic  s^/stems  and  so  produce  a  broadening  of  the  bands  and 
cause  the  less  intense  fringes  to  disappear.    In  the  case 
of  an  old  tube,  when  the  pressure  has  not  changed,  there  seems 
to  be  no  other  explanation  for  the  observations  than  thatthe 
mercury  vapour  had  become  contaminated  wit;i  gases  driven  off 
from  the  glass  by  the  leat  developed  in  the  discharge. 

'.Vhether  the  atomic  vibrat'ons  in  a  source  are  changed 
on  account  of  tno  presence  of  molecules  of  foreign  matter  is 
an  open  question.   "'ichelson*  thinks  that  the  presence  of 
other  molecules  does  not  have  any  appreciable  effect  except 
to  diminish  tie  visibility.    In  tne  case  of  mercury  he  ob- 
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tained  quite  different  visibility  curvoe  vhen    t'na    pressure 
was  high  to  that  obtained  when  the  pressure  was  low.    .Vnen 
the  mercury  was  placed  in  an  atmosphere  of  hydrogen  the 
characteristics  of  tho  visibility  curves  wore  not  changed. 
My  results  show,  however,  that  when  mercury  is  placed  in  the 
presence  of  air  both  in  the  Vicuum-tube  discharge  and  in 
the  arc,  which  will  be  described  later,  the  appearance  of 
the  interference-bands  is  clearly  changed,  which  can  only 
be  duo  to  a  change  in  the  oscillations  of  the  atomic  systems. 
Schuster  in  a  lecture  at  the  Royal  Institution  in  1831  drew 
from  his  results  the  conclusion  "  Placing  a  molecule  in  an 
atmosphere  of  a  different  nature  -  without  change  of  te^nper- 
at  ire  -  produces  the  sane  effect  as  would  be  observed  in 
lowering  the  temperature".   In  a  note  to  the  Astrophysical 
Journal^  he  says  "Something  similar  seems  to  take  place  as 
regards  pressure  for  the  sodium  lines  may  be  obtained  wide 
or  narrow  according  as  the  atmosphere  producing  tne  pressure 
consists  of  sodium  molecules  only  or  of  molecules  of  a  dif- 
ferent nature".   The  results  here  obtained  seem  to  corrob- 
orate those  of  Schuster. 

As  being  of  some  importance  in  this  subject  I  have 
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introd'jcod  fijs.  14-  and  15,  Plate  II,  showing  tne  oroad  bands 
of  the  sodium  lines,  separated  and  superimposed,  obtained 
with  a  sodium  flame  in  air  as  the  source.    With  sodium  in 
a  vacuum-tube  these  bands  are  as  sharp  as  those  of  the  -^orcury 
fringes  on  Plate  I.    Fig.  13  was  obtained  witn  tne  green  radia  - 
tion  from  mercury  in  a  tube  which  had  been  used  a  considerable 
t?me.   The  separation  of  the  plates  was  6  mms.   Here  not  even 
one  component  is  visible.    A  comparison  of  this  photograph 
with  that  of  Fabry  and  Perot  reproduced  in  the  Ast r ophy s ical 
Journal,  '^ay ,  1901  may  interest  the  reader.   This  reproduc- 
tion is  of  the  fringes  of  the  same  line  with  the  same  sepa- 
ration of  plates  but  shows  the  components.   The  figs.  13,  14, 
15,  Plate  II  have  been  magnified  about  five  times.    Fig.  16 
has  not  been  magnified,  and  shows  how  sharp  the  bands  are  when  ■ 
the  plates  are  separated  -1  cm.   Here  also  the  components  of 
the  mercury  green  radiation  are  invisible. 

With  tubes  containing  capillaries  whose  diameters  are 
greater  than  2  mms.  tne  light  obtained  with  an  ordinary  dis- 
charge is  not  sufficiently  intense  to  show  ths  finer  compon- 
ents.   The  components  that  can  be  seen  have  their  edfes  quite 
sharp,  showing  that  the  vibrations  in  these  tubes  are  prob- 
ably the  sane  as  in  tne  tubes  of  snaller  capillaries.   The 
finer  the  capillary  the  greater  the  electrical  resistance  to 
the  disciv.irge.  and  hence  a  rise  in  t  eT.p  erat  ure  ,  causing  a 


brightsr  light.   Temperature  is  an  important  factor,  for  by 
heating  only  the  capillary  of  a  tube  whore  thore  is  no  liquid 
mercury  present  and  thus  producing  no  noticeable  change  in  the 
pressure  in  the  vacuum  tube,  the  kinetic  energy  of  tiie  alorr-ic 
a£rregat:ons  is  increased  such  that  many  of  the  components  of 
smal3  intensity  invisible  before  are  now  very  readily  seen. 

The  number  and  intensity  of  the  components  were  the  same 
whether  the  tube  was  placed  "side  on"  or  "end  on",  that  is 
whether  the  discharge  was  perpendicular  or  parallel  to  the 
propagation  of  the  light  through  the  s  1  i  t  .- 

The  introduction  of  capacity  in  parallel  with  the  dis- 
charge circuit  had  an  interesting  effect.    With  three  large 
Leyden  jars,  each  gallon  jars,  the  fringes  were  broadened 

and  the  finer  components  disappeared.    The  effect  appeared 
in  every  way  analogous  tc  that  when  the  pressure  was  increased^ 

The  next  step  was  to  investigate  the  radiations  from  a 
mercury  arc  and  compare  the  results  with  those  above.  After 
many  trials  wit:i  different  kinds  of  arcs  the  following  form  , 
Fig.  4,  was  founc'  the   ost  satisfactory.   The  arc  is  betv/een 
two  mercury  surfaces.   A  is  an  ordinary  glass;  receiver  of 
about  600  cc.  capacity.   Over  the  mouth  B  is  sealed  a  p"'ece 
of  plate-glass;  through  the  rubber  stopper  C  is  run  a  glass 
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tube  which  ds  connected  to  tlie  Geryk   pump..   Through  the 
stopper  D  is  placod  an  iron  tubo  E  of  diameter  13  mms.,  along 
the  axis  of  this  is  placed  a.    porcelain  tube  F  of  diameter 
8  mms.   This  pccelain  tube  is  connected  with  a  glass  tube 
which  in  turn  is  connected  with  a  larp;e  rubber  tube.    The 
mercury  fills  the  space  between  the  porcelain  and  iron  tubes 
as  well  as  the  porcelain,  glass,  and  rubber  tubes  attached. 
The  electric  poles  are  placed  as  shown  in  the  figure.   By 
raising  the  barometer  cclur.n  until  a  drop  of  mercury  flows 
over  into  E  the  arc  is  started.   Any  further  adjustments  are 
easily  carried  out  by  raising  or  lowering  the  mercury  column. 
Since  ain  the  joints  v/ere  made  air-tight  the  pressure  could 
be  varied  by  means  of  the  pump.   Within  a  few  seconds  after 
the  arc  is  started  the  vihole    bulb  of  receiver  is  covered  with 
a  layer  of  mercury  thrown  off  from  the  arc,  this  does  not 
penetrate  into  the  neck  so  that  the  glass  at  B  is  always 
clear  and  the  radiation  from  the  arc  passes  through  to  the 
sjit  of  the  spectroscope  v/ithout  loss.    The  whole  apparatus 
may  be  placed  in  a  cold  water  bath  to  keep  tne  joints  cool. 
This  was  found  unnecessary  with  the  apparatus  used  even  wtien 
the  arc  was  steadily  run  as  long  as  ten  minutes.    Usually 
110  volts  were  employed,  the  current  was  varied  by  meant;  of  a 
rheostat,  generally  \    amperes  were  used. 


With  the  prestiuro  under  5  rams  the  reaults  were  tr.e  same 
as  those  obtained  with  vacuum-tubes  as  given  above.   Above 
this  pressure  it  was  verjr  difficult  to  obtain  any  corapononts 
and  the  bands  were  broad  and  hazy.   This  is  probably  due,  as 
above,  to  pressure  and  the  presence  of  a  number  of  molecules 
of  air. 

The  results  obtained  witn  the  other  metallic  vapours  and 
gases  are  briefly  as  follows. 

CadjTiiujr. .   Small  pieces  of  metallic  cadmium  were  enclosed 
in  a  Geissler  tube  surrounded  by  an  asbestos  jacket;  when 
heated  with  a  Bunsen  flame   the  metal  easily  vapourized. 
The  red  line  6439  is  nearly  monochromatic;  there  is, 
however,  a  weak  component  towards  the  shorter  wave-le  ngt  iis . 

1.  Standard  Component,       Intensity       1 

■^  / 

2.  -  0.1  X  10   mm. ,        "  1/5 

The  green  line  5086  is  composed  of  four  components  the 
three  weaker  being  on  the  side  towards  the  larger  wave- 
lengths . 

Intens  ity 


1.  Standard  Component, 

-8 

2.  +  C.4  X  10   mm. 


3  . 
4. 


♦  0.25 
+  0.1 


1. 

lA 

i/e 


The  blue  line  4800  has  a  comnonent  on  each  side  of  the 


1.   standard  Component,       Intensity 
-8 
2 ,         +0.6  X  10   mm. ,  " 


p  r ".  n  c  i  J)  a  1  . 

1. 

lA 

3.  -    0.4  "  ••  1/4 

Thallium.    A    piece    of    metallic    thallium    was    placed    on    the    end 
of    a    platinum  wire    and    held    in    a    Bunsen    flame.       The    only 
bright    radiation   was    t.iat    of    the    green    line,    5-i j9  .       A 
doubling    of    bands    occurred    when    the    plates    were    separated 
ofaly    a    few    xillimetres.  Vith    a    vacuum-tube    radiation, 

another    component    was    found    with   wave-length    between    the 
princii-al    and    first    component. 

1.  Standard    Comoonent ,  Intensity  1. 

■^  / 

2.  +    1.0    X    10       mm.  "  3/4 

3.  +  0.4      "  "  1/4 
Hydrogen.    By  the  kindness  of  Dr.  Parsons  I  used  ono  of 
his  tubes  containing  hydrogen  which  was  specially  pure,  the 
pressure  being  1  mm.  The  red  line  easily  breaks  up  into 
three  components  one  on  each  side  of  the  brightest  component. 

Intensity.      1 

lA 

3.         -  0.2  X  11   "  "  l/s 

The  green  line  is  very  complex,  the  com7onents  are  so 
numerous  that  observations  are  very  difficult. 


1.  Standard  Component, 

-8 

2.  +  0.6  X  10   mm. 


The  changes  in  tne  components  due  to  cnangee  in  preB£;ure, 
size  of  capillary,  capacity  in  circuit  which  were  exariinod 
principally  with  the  mercury  radiations  were  in  some  cases 
tried  with  the  other  radiations  considered  and  the  results 
were  in  general  the  sane.    The  above  results  with  respect 
to  the  relative  wave-length  and  intensity  of  the  components 
under  the  conditions  specified  are  collected  in  the  follow- 
ing table  together  with  tlie  results  of  Michelson,  and  Fabry 
and  Perot  upon  the  same  radiations  obtained  in  vacuum-tubes. 
Michelson' s  values  are  taken  frcm  tne  curves  given  in  his 
paper.   His  method  does  not  allow  the  determination  as  to 
whether  the  components  have  larger  or  shorter  wave-lengths 
than  the  standard.   The  second  list  of  values  for  the  com- 
ponents of  the  mercury  line,  A  *  5461,  obtained  by  Fabry 
and  Perot  are  taken  frota  a  paper  by  •Zeenan. 

After  the  m.any  long  and  tedious  observations  togetl.er 
with  the  study  and  elimination  of  the  errors  which  may  enter 
into  the  results  due  to  imperfect  adjustments  of  the  appa- 
ratus, the  author  regrets  that  he  is  unable  to  present  a 
more  detailed  account  of  the  variations  that  occur  in  these 
component  radiations  or  satellites  as  they  have  been  called. 
The  changes  occur  so  suddenly  on  the  least  change  of  the 
surrounding   conditions  and  sometimes  even  when  no  changes 
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TABLE. 


■  c  .  u  1  s  n  n  . 

,  a  I'ry     ^.     i'oru  t  . 
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-  0  n  s  t  i  t  J  t  i  0  n 
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X    iC  mm 
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X    10    mm. 

In  Lon- 
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1 
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1 
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1 
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1/3 
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lA 
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II 

t.       -      0.    1: 

1 
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Standard  . 

l.Std.Compt. 
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3.  -0/7 

4.  -0.5 

5.  +0.1 

6.  +0.8 

7.  +1.3 

1 
1/2 

lA 
1/3 
lA 

1/3 
1/^ 

5.     +    0.1 
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1/8 
lA 
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1 
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1 
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lA 
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lA 

Cad  ni  u"i  ,  /  =    C  1 3? 
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1 
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.      -     . 

1/:. 
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1.     ."td.Compt. 

1 
1 

1  .Std .Compt . 

1 
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1 

2.          0.2 

lA 
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2 .  +0.  t 
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1/' 
lA 
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A  10  mm. 
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6  i  t  y  . 
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X  10  m  -n . 
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1 
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1 
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1 
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lA 

2.    +0.8 

lA 

Z.    +0.6 

lA 

•  .     -0.3 

1/3 

3.    'O.i 

i/-. 

Thai lium. 

A=    3t39 

. 

t  d  .  Gompt . 
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1 

2  . 

1.2 

1  /'•? 

2. 

+  1.1 

lA 

2.   +1.0 

3/l 

3  . 

.1  . 

1.0 

0  .  2 

1/2 

1/9 

3. 

+  0.2 

lA 

3.   +0.4 

lA 

/I 

Std .Compt 

1 

l.Stc.Compt. 

1 

l.i 

;    /. 

2.  +0.6 

3.  +0.2 

1/4 
1/8 

apparent  to  the  obBerver  were  introduced,  that  only  qualita- 
tive results  of  a  very  general  nature  can  be  expreef.  ed. 

During  the  o baer vations  upon  the  sharp  interference- 
fringes  due  to  the  mercury  green  radiation  in  the  two  cases, 
wiien  the  components  were  visible  as  exemplified  by  the  photo- 
graph given  by  Fabry  and  Perot  as  referred  to  above,  and 
when  with  the  same  separation  of  the  silvered  plates,  the 
components  were  not  present  as  exemplified  by  Fig.  13, 
Plate  II,  the  question  arose,  -  has  the  change  in  the  con- 
ditions given  birth  to  one  or  rr.ore  satellites?   The  sharpness 
of  the  fringes  in  both  cases,  the  unequal  change  in  the 
intensity  of  the  various  components  under  variable  condi- 
tions, as  3s  shown  when  tne  capillary  of  a  vacuum-tube  is 
neated  ,  and  in  the  fact  that  the  results  given  in  the  above 
table  upon  the  distances  between  the  components  are  in  poor 
agreement  which  is  probably  duo  to  the  different  circumstances 
surrounding  the  radiation,  all  point  to  the  possibility  of 
the  production  of  satellites.   It  must  not  be  forgotten, 
however,  that  at  the  separation  of  the  plates  necessary  tc 
show  the  presence  of  the  corn'onents  tne  inter  fere  nee- band s 
are  very  close  to  one  another  so  that  it  is  impossible  in 
this  met  .od  for  an  i  n  ter  fere  nee- fr  inge  duo  to  the  birth  of  a 
satellite  tc  appear  wit. .out  overlapping  some  part  of  the  in- 


t  Q '•f  erenco- f  rn  nges  cf  the  otlier  components  and  hence  pro- 
duce a  new  distribution  of  light  in  the  interference-pattern 
which  would  naturally  lead  tc  different  results. 

The  investigations  of  the  variations  in  the  v/avo-length 
and  intensity  of  radiations  separated  by  the  grating  on 
account  of  variation  in  pressure  ,  electrical  condition  of 
the  discharge,  and  the  chemical  nature  of  the  dielectric 
surrounding  the  luminous  substance,  is  at  present  a  very 
fruitful  field.   For  these  changes  in  those  widely  sepa- 
rated lines  lend  themselves  to  measurement.    It  is  hoped 
that  a  nethod  will  be  found  which  will  more  readily  show 
and  give  measurements  of  t  ;:e  many  changes  that  occur  in 
radiations  whose  wave-lengths  and  hence  their  frequencies 
do  net  differ  greatly,  so  that  ultimately  some  knowledge 
as  to  the  mechanics  of  the  systems  of  moving  electrons 
constituting  the  atom  whose  periods  differ  by  s^^all  a-^.ounts 
relative  to  those  obtainable  at  present  may  be  obtained. 
A  step  in  this  direction  has  been  made  by  Lummer.   The  re- 
productions in  the  Ann.  d.  Phys.,  10,  p.  473,  1903,  show 
excellently  t  r.e  complicated  structure  of  those  bright  ra- 
diations.  The  T.ethod  proposed  above,  employing  longer 
plates  is  worthy  of  a  lair  trial. 


My  heartiest  thanks  are  duo  to  the  pro f e s som  and  lec- 
turers in  Physics  in  this  University,  especially  Professor 
Ames  and  Professor  Vood,  and  also  to  my  fellow  students  whose 
kind  tisslstance  in  word  and  deed  has  greatly  facilitated 
these  experiments. 


Physical  Laboratory, 

Johns  Hopkins  'Jniversity. 
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Explanation. 


On    tut!    Spectrum    of    Wagnosium. 


1 11 1  r  o  t>  .<  c  x  ..  o  r. 


The  niar.nes3um  spectrum  is  of  much  interest  as  it  appears 
(1) 
in  tlie  spectrum  of  ti:any     stars  and  also  on  account  of  its 

application  in  the  d  e  t  ornai  nat  ion  of    stellar  t  onp  orat  ur  e  s  . 

Tae  lineA44-81  appears  very  strong  in  t  ne  spectra  of 

numerous  stars  belonging  to  Vcgel's  first  type,  while  A   -idbZ 

is  very  faJnt  or  not  present.   Fror;!  tl-.ese  facte  Scheiner 

reached  the  conclusion  that  on  the  stars  of  t  lie  first  type  t  ne 

te";perature  of  the  aOscrbing  layer  was  approximately  that  of 

the  electric  spark,  v/hile  on  the  stars  in  whose  spectrum 

the  line  A  435?,  more  str'.ni^ly  occurs,  the  temperature  v/as 

about  that  of  the  electrjc  arc.   Just  what  Scheiner  meant 

by  t.e  te^iporature  of  the  spark  is  not  clear  for  the  words 

"temperature  of  the  spark"  has  in  itself  no  rr'eaning  according 

to  our  present  ideas  based  on  t  lie  kinetic  taeory  of  pases. 

(3) 
Recently  Hartmann    has  shown  timt  tlie  presence  or  absence  of 

these  lines  is  no  indication  of  high  or  low  tenperatures,  tliLi' 

is,  the  lines  A-r-1-81  and  A  4332  are  not  duo  to  te^iper  at  ure  , 


(1).  11.  C.  Vof^el.  Astr.  Machr.  No.  3861,  365,  1903 
(2).  H.  Kayser.  Ibid.  3883,  277,  1903. 
(3).  Astropays.  Journ.  17,  270,  1903. 


but    ratiier    to    olectrical    causes. 

Tlie    so-called    spark    lines    are    those    v/iiich    appear    in    the 
electric    spark    produced    b^/    a    high    tension    diBCiiarge    and    are 
rarely    present    in    arc    running    under    tne    ordinary    voltage 
and    current.       Tne    arc    lines    are    those    that    appear    in    tlie 
arc    and    are    of      weak  >*"-'j;ity    or    rot    v  i  s  i  M  (=<    in    tiie    spark 

di  s  c  iiarj;©  . 

It    Aas    the    object    of.    this     work    to    repeat    the    obser- 
vations   of    Hartmann    and    also    to    study    otner    conditions 
which    ra-ight    be    found    to    enliance    or    dininish    the    intensity 
oftiieselines. 


HistorJcal  Sjtetch^. 

I  need  only  brJei'iy  rofer  to  Lno  work  of  Liveing  and 

(I) 
De^var    ,  wi.o  first  observed  tiio  presence  of  sj'ark  lines  in 

tlio  arc  prodiced  betv/een  tnick  elect  redes  of  'nu.^"nesiu!n,  when 
surrounded  by  a.ir,  carbonic  acid,  ammonia,  etc.   From  tiieir 
results  t;;oy  tarew  doubt  on  the  taen  ticcei'ted  opinion  tnat 
the  tenperature  of  the  spark  discnarge  was  mu c a  higher  than 
that  of  the  arc.   They  believed  that  tue  production  of  t ue 
"spark  lines"  was  conditioned  by  the  energy  of  the  electric 
disciiarre  and  not  by  any  change  in  temperature. 

Tliis  important  result  led  the  v/ay  for  further  investi- 
at  ion.   Crew    found  the  spark  line  A    4-481  to  be  one  of 
...e  strciigest  lines  in  the  spectr>im  obtained  v/ith  iiis  "rota- 
ting" arc.   This  line  //as  intensified  when  tiie  arc  was  sur- 
rounded by  hydrogen,  wiiile  the  lines  belonging  to  the  Kayser 
and  Runge  scries  were    unaffected.   Porter    witii  tiie  same 
arc  in  nitrogen  found  this  line  reduced  to  about  one-fifth 
its  intensity  in  air.   Schenck     obsjerved  that  tiie  intensity 
of  the  lineA4-l-81  decroasos  in  the  spark  spectrum  if  the  elec- 


(1).  Proc.  P.oy.  Soc.  44,  241,  1BS8. 

{2).    Phil.  Vag.  (5)  38,  379,  1894; 

Astrophye.  Journ.  1^,  1C7 ,  1900. 

(i),     i.strophys.  Journ.  15,  274,  1902. 
(4).   Ibid.  14,  116,  IJOI. 


(1) 

trodes  are  haated  to  the  poJni  of  melting.   Hartmann    and 
Eberiiard  ooserved  that  tiie  siJark  line  appeared  in  the  spec- 
trum of  the  urc  under  water;  tho  effect  beinj^  analogous  to 
that  produced  bj'  hydrogen  on  the  arc.   Recently  Hartiiann 
has  been  able  in  the  'case  of  magnosiura  and  bisnuth  to  trans- 
form the  arc  spectrum  into  the  spark  spectrum  without  changing 
in  any  way  the  surrounding  dielectric,  by  merely  dircini  s  ling 
the  strength  of  the  current.   FroD  tne  results  of  his  very 
careful  experiments  he  iias  conclusively  shown  as  was  believed 
by  Liveing  and  Dewar  that  the  preserice  of  tne  lineA4;-ei  is 
no  proof  of  i;iga  temperatures,  but  is  rather  due  to  electro- 
luni  nes  cen  ce  . 

Apparatus. 

A  P.ov/land  concave  prating  of  about  thirteen  feet  radius 
was  used  and  photograihs  were  taken  in  the  first  spectrum 
since  ;' n  tuis  order  it  was  t  lo  --ost  brilliant.   Later  in  the 
work  a  snaller  grating  with  radius  of  tO  c  rr.^.  ^jib  found  suffi- 
cient foi-  the  problems  in  view. 


(1).  Astrophys.  Jourr:.  17,  2Z9  ,    1903 
(  :J  .     "  "     IT  ,  ^70,  l'J03 


Solid  ':iagne8iuin  rods  of  about   I  crn^.  diameter  were  em- 
ployed as  electrodes.   T.iuse,  suitably  r;iounted,  were  enclosed 
in  a  flass  vessel  of  300  cc  capacity  aid  niving  a  long  neck, 
ovwr  t:ie  end  of  wiiich  was  sealed  a  piece  of  plate  glass. 
In  ti.e  two  openings  in  t  lie  side  of  tue  vessel  were  placed 
rubber  stoppers  conveying  tlie  supports  for  tue  electrodes 
and  tne  electrical  connocticns.   A  glass  tiibe  connects  with 
the  hydrogen  generator  and  tue  Geryk  exhaust  puap.   Soon  aftor 
the  arc  is  started  tiia  bulb  of  tae  vessel  is  covered  with 
a  deposit  of  rraFnesuin  thrown  off  frora  tlie  arc,  this,  nowever, 
does  not  penetrate  into  the  neck  so  that  the  radiation 
passes  ti. rough  to  t.ie  slit  of  tae  prating  .vithout  less.   The 
rubber  stoppers  allov/ed  tne  electrodes  to  be  sligntly  moved 
wituout  effecting  tae  pressure  in  the    vessel.   In  this  way 
tne  electrodes  could  be  brougiit  togetiier  to  strike  tlio  arc. 
The  hydrogen  was  obtained  wit.,  an  ordinary  kit  by  t  iie  action 
of  hydroc  iloric  acid  upon  granulated  zinc.   I',  was  passed 
through  sulphuric  acid  before  entering  t.ie  veseel  containing 
the  arc. 

Tna  current  was  obtained  from  a  110  volt  circuit  and  its 
stren- th  was  varied  by  reai&tances  consisting  of  incandes- 
cent lanps.   When  tiie  ppurk  was  employed  it  was  produced 
by  an  ordinary  ind'-iction  coil. 


Vj.  ..1  u.ie  .TiaRnes  -..1  ii"o  uuruj.i:   Jn  air  the  electrodes  be- 
come coated  .vitii  t  aa  oxdde,  tuis  had  to  be  re  no-ved  when  s-'all 
current  strenptus  v/ere  o  ployed  before  an  arc  coulci  be  st-irlfcdi 
As  tho  arc  ,md  to  be   ade  a  i^retx^^    number  of  times  during  one 
exposure,  plates  Here    only  taken  when  the  air  surrounding 
the  arc  \7as  at  atnc  s  j^  l-.eric  pressure,  where  the  magnesium 
oxide  cculd  be  easily  removed  and  also  at  very  low  pressures 
when  ti;e  little  oxide  for-^ied  did  not  interfere  witn  the  strik- 
ing of  tue  arc  whenever  required.   At  other  pressures  below 
the  a.nospheric  it  was  impossible  to  clean  tue  electrodes 
without  opening  the  veseel  and  tuereby  cnanging  tue  pres- 
sure.  As  hydrogen  does  not  unite  .'/ith  ma'r^nesium,  obser\ations 
coi;ld  be  obtained  witiiout  diffic-ilty  at  any  pressure. 


Re  sul ts . 
After  taking  a  systeratic  cerios  of  photographs  of  tr.e 
spectrum  of  the  arc  under  different  current  stren  ths  and 
pressure  of  surroundin'^  gas,  it  was  found  t.mt  t  lie  intensities 
of  t  ne  lines  in  tne  first  subordinate  series  A   b838.'l,  38^2.4-, 
and  3829.5  and  in  t  :.o  :;econd  subord  i  n-rito  e  er  i  <?  s  A  5  183  .  3  ,  5172.8, 
5167.5  .vere  practically  unuffected.   Those  lines  are  unaffected 
in  the  spark.   Thus  tie  intensity  of  tiie  line  A  5183.8  has 


been    tci.-.cn    aa     ...u    £>uu.uard    v/liich    is    called    10;    a      line    uurely 
visible    is    f^iven    tlie    inter.sity    1.       The     folDc/Jng    tables    con- 
tain   the    results    obtained;     tue    pressures    are    r^iven    in    milli- 
.e'.crs    0  :'    "-.ercurjf    and    tiie    current    strenptns    in    anpores. 
Arc    in    Air. 


V/ave 

Intensity  when 

Current 

Strength  is 

Length 

"res- 

of  Li 

T.'o" ' 

10 

-- 

.5 

4703.. 

8 

(arc 

1  i  i- .  . 

4 

i :.  7 1 . 

3 

(^rc) 

0 

0 

-1:481 

10 

15 

(  spar 

^0 

^0 

1352., 

10 

(arc) 

1 

1 

4167. 

(arc) 

- 

^ 

1 

4058. 

(arc) 

0 

A_r  c  in  Hydrop;en 


Have 

Intensity  when  Current  Strength  is 

of  Line. 

Pres- 
sure . 

3.5 

0.5 

4703 .2 

760 

8 

o 

380 

1 

4481 

7  60 

4 

15 

380 

0 

15 

4352.1 

760 

5 

0 

The  other  arc  lines  are  onitted  fron  the  hydrogen  part 
of  taoie  as  they  do  not  appear  on  the  plates  at  any  pressure 
or  current  strengtii. 

Those  tables  s  aow  that  all  tne  arc  lines  are  weairened 
v/hen  the  strength  of  t.ie  current  is  dininisaed  both  at  atnos- 
pheri  c  and  lower  -"ressures  wnen  the  dielectric  is  air  or 
hydrogen.   In  air  the  caunge  in  intensit;.-  ia  slif-^ht.   Also, 
with  the  saTie  current  and  presi-ure. hydrogen  diminishes  the 
intensity  of  tne  arc  lines  waile  tlie  spark  line  is  en:ianced, 
v^hic.i  is  in  accordance  witii  tuo  results  of  Crew.   It  is  also 
seen  how  t.-.e  remarkable  spark  line  A  4481  in  air  is  inten- 
sified as  tr.e  current  is  decreased,  thus  confirming  tne  ob- 


servations  of  Hartraann.   In  both  anr  and, hydrogen  ueinp:  the 
arc  a  decrease  of  tiio  pressure  always  weakens  the  arc  lines  <\' 
intensifies  the  spark  lines.   It  is  i-^portant  to  note  timt 
the  intensity  of  the  line  A  4:4  81  in  a  vacuum  of  ubout  1  mm 
pressure  does  not  change  its  intensity  with  the  variation 
of  current  tnrcupiiout  the  range  employed.   It  is  also  worth 
renarking  tiiat  the  plate  taken  of  t  ne  spectrum  of  tiie  spark 
obtained  with  an  induction  ci.il  iiavJng  a  Leyden  jar  in  par- 
allel with  secOidary  was  so  similar  to  the  one  tal:en  of  the 
spectrum  of  t:ie  arc  in  a  vacuum  that  almost  no  difference 
■//as   orceptible.   The  distance  between  th. e  electrodes  in 
ali  tne  o  bser  v-it  i  ons  was  not  more,  generally  Icsstiian  a 
fev/   :illimeters.   Tne  voltage  across  electrodes  was  about 
f  orty  volts . 

Vit.i  regard  to  the  spectrum  of  zinc,  cadmium  and  bismuth 
ver;-  few  conclusive  results  were  obta'ned.   If  a  transforxa- 
t:on  of  the  arc  spectrum  into  t  :ie  sHs-e  spectrum  happened,  it 
was  mucn  less  striking  tnan  in  tne  case  of  magnesium  W;iere 
the  steps  were  easrly  obtained.   The  observation  of  Hart- 
Tiann  tnat  tne  zinc  spark  linos  A  491*i  and  A  4925  appeared 
in  the  arc  spectrum  on  reducin/,  the  current  to  0.5  amperes 
was  corroborated.   In  a  vacuua  it  was  found  that  these  spark 
lines  ^ade  their  appearance  in  the  arc  when  not  a  trace  cf 


them  could  be  found  i  r.  tnc  arc  surrounded  by  air  at  atmos- 
phoric  pressure  usin  '  the  same  streni;th  of  current.   In  the 
Case  of  cadtiiuni  and  bitiuutia  I  was  unable  to  -.atisfy  r.yeelf 
of  t  . u-  appearance  of  the  spark  lines  in  the  arc  in  a  vacuum. 

SU\r.:ARY. 


' '  a  F,  n  5  s  1  um .    In  tho  arc  i  a  air  at  atmospheric  pressure  the 
arc  lines  are  weakened  as  tno  strength  of  tho  current  is 
diminished,  while  the  spark  line  A  4481  is  increased  in  in- 
tensity.  For  all  strenj^ths  of  current  tne  arc  lines  are  weak' 
ened  as  the  pressure  is  decreased  and  just  the  reverse  is  t'.e 
Case  7/ith  the  spark  line.   The  sam^s  phenomena  occur*  in 
hydrogen  but  to  a  more  marked  degree. 

The  lineA'i4-81  whtin    obtained  *it;:  an  arc  in  a  vacuum 
does  not  change  its  intensity  with  any  variation  in  the  cur- 
re  n  t  s  t  r  e  n  jj;  t  h  . 

Z  i  n  c .   In  tne  arc  in  air  the  spark  lines  A-tQl-i,  a!-cl/\'i'i25  mau 
t  -eir  appearance  when  the  current  was  diminished.   These 
linos  also  appeared  very  cloarly  in  the  arc  in  a  vacuum 
while  they  were  absent  in  tno  arc  in  air  usin^;  the  same  cur- 
rent strength. 


lirat  of  these  rosults  nothing:,  need  be  said  respoc- 
ing  tne  temperature  of  t'r.o.    arc  and  the  spark  since  these 
observations  easily  fall  into  line  with  tie  able  discussion 
of  Hartnanm  (  Astrophys .  Journ.  17,  270,  1903).   The  v/ork 
of  all  the  above  na:n.ed  investigators  directly  points  to  the 
conclusion  that  the  line  ^4481  is  due  to  electrical  causes, 
elfctroluminiscence^ rather  than  to  high  temperatures. 

I  do  not  propose  to  offer  an  explanation  until  further 
data  h-ive  been  obta^'ned  except  to  say  that  it  will  r,robably 
rest  on  the  fact  that  the  appearance  of  the  line  A  4431  is 
associated  with  the  sudden  flow  of  the  electrical  charge 
wiien  the  arc  is  nude.   A  word  may  be  said  regarding  the 
explanation  offered  by  Hartmann.   He  says"We  aay  assume 
that  the  line   4481  results  from  the  vibrations  of  particles 
highly  charged  with  electricity,  and  therefore  it  can  appear 
only  of  reduced  intensity,  if  at  all,  if  such  a  charge  is  in 
any  way  prevented.   Now,  as  soon  as  the  electrodes  are  'leated 
by  the  strange  current  there  occurs  a  vigorous  vaporizing  of 
the  netal,  the  conductivity  of  the  arc  bocomea  greater  and 
the  separate  particles  take  on  only  very  slight  charges,  so 
that  the  vibrations  corresponding  to  t.ie  lineA4481  nust  al- 
ways become  weaker  with  increasinp;  current  strength".    This 


explanation  is  not  clear  to  me  and  it  does  not  seom  to  agroo 
with  the  above  results.    '!^or  in  the  arc  in  a  vacuum  tho 
resistance  is  if  anything  less  tlian  in  air  at  atnospheric 
prosaure  and  hence  according  to  Hartmann's  theory  the  inten- 
sity of  the  lino  X 4481  should  bo  less  or  at  least  equal  to 
its  intensity  in  air  at  the  same  current  strength.   The  above 
res'-ilts  show,  hov/over,  that  the  intensity  of  this  line  Is 
fcreatly  increased.   One  observation  which  bears  directly  on 
the  cause  of  tao  line  A  4481  is  that  it  appears  principally  in 
tnat  portion  of  the  arc  near  the  negative  electrode  as  is 
s'aown  on  Plate  III,  fig.  2.   This  photograph  was  obtained  by 
removing  tho  slit  of  the  spectroscope  and  placing  the  arc  in 
its  place.   For  an  exposure  the  arc  was  only  made  a  second 
or  less;  tne  current  was  'i    a'lperes.   Another  observation  of 
note  is  that  witn  tie  electrodes  kept  free  from  magnesium 
oxide  and  separated  from  one  y.not.\er  a  distance  of  about  5  y."-. 
the  lineA4481  was  barely  visible,  while  with  a  separation 
of  1  mrn  and  less,  the  intensity  of  this  line  was  increased 
about  five  times.   These  results  »ere    obtained  at  atmospheric 
pressure  .'/ith  a  current  of  3  a'lperos. 


In  conclusion  the  author  wishes  to  thank  Professor 
IS  for  many  sugrestions  made  durint;  the  work. 
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